The clinical signs of hyperandrogenemia, commonly seen in polycystic ovarian syndrome (PCOS) patients combined with obesity and infertility can cause emotional distress. There are however few data about the psychosocial and sexual function of patients with PCOS. Objectives: The aim of the study was to investigate the sexual function in patients with obesity and/or PCOS using Female sexual function inventory (FSFI) before and after metformin treatment. Design and Methods: In the present study were included 79 patients divided into three groups-group 1 Obese (n = 22); group 2 Lean PCOS (n = 41) and group 3 Obese PCOS (n = 16). All of the subjects completed FSFI questionnaire. In patients who had insulin resistance (OGTT + IRI) metformin treatment was started in dose 1700 -3000 mg/day. Results: Obese women without PCOS showed significantly higher scores on total FSFI and all domains except from desire compared to lean PCOS subjects. Although the differences do not reach statistical significance, lean PCOS patients have the lowest scores on all domains. FSFI score correlates negatively only with androstendione levels. Women with and without hyperandrogenemia do not show differences in FSFI score. It is interesting to note that LH but not FSH shows moderate positive correlation to all domains of FSFI. FSFI scores do not show correlation to the indices of carbohydrate metabolism (blood glucose and IRI during OGTT), lipid profile, and arterial pressure. After metformin treatment there was an increase in all FSFI domain scores although statistical significance was noted only for the total FSFI score and the domains lubrication and pain, probably because of the small number of patients. Conclusions: Lean PCOS patients have lower scores on FSFI than obese patients with or without PCOS. The hyperandrogenemia is not a determinant for sexual dysfunction in PCOS women. Metformin treatment has a favorable effect on sexual function.
Introduction
Polycystic ovarian syndrome (PCOS) is a common endocrine disorder that is characterized by menstrual irregularities, clinical and/or biochemical hyperandrogenism and ultrasound data of polycystic ovaries. The clinical signs of hyperandrogenemia (hirsutism, acne, seborrhea, alopecia) combined with obesity and infertility can undoubtedly cause emotional distress. There are however very few data about the psychosocial and sexual function of patients with PCOS [1] . Anxiety, depression, food disorders and lower self esteem are described. Some authors state that girls with PCOS are 2.8 times less likely to have sexual intercourse than healthy controls [2] .
The precise role of androgens in sexual arousal is however controversial and not extensively studied [3] . In fact PCOS women have the same frequency of sexual activity as control subjects [4] . One recent study does not show significant differences in blood flow around the clitoris between patients with PCOS and healthy women [5] . Moderate hirsutism and hyperandrogenism in PCOS patients do not affect sexual self esteem and satisfaction.
Treatment of patients with androgen excess with antiandrogens shows controversial results in a small group of patients with hirsutism ranging from decreased to increased sexual desire [6] while metformin use improves psychosocial, emotional and psychosexual state of the PCOS patients [7] probably due to reduction of clinical symptoms.
Obese PCOS patients probably have increased rate of sexual dysfunction. These data are not confirmed in lean PCOS patients. Additional studies are necessary to determine if normalizing the androgen excess and insulin resistance would improve the sexual function in PCOS patients [8] .
Materials and Methods
The following inclusion and exclusion criteria were used:
Inclusion criteria  premenopausal women aged 18 to 45;  PCOS, diagnosed by ESHRE-ASRM criteria and;  BMI > 30 kg/m 2 .
Exclusion criteria  Pregnancy;  Serious illnesses as cardiac, renal or liver insufficiency;  Other endocrine pathology like type 2 diabetes mellitus, adrenal tumors, hypothyroidism, prolactinomas, hypogonadism, Cushing's disease, congenital adrenal hyperplasia;  Insulin sensitizing medication (metformin or glitazones) or combined oral contraceptive (COC, containing etinylestradiol and progestin) use less than 4 months prior to the study.
The following information for each patient was obtained:
1) General information-name, age; 2) Anthropometric data-height, weight, body mass undex (BMI), waist, hip, waist-to-hip ratio (WHR), waistto-stature ratio (WSR). All measurements were performed when the patients were in a standing position with feet together, relaxed abdomen and arms at their sides. Waist circumference of subjects was measured in standing position by placing a soft tape measure midway between the lowest rib and the iliac crest and hip circumference hip circumference at the level of the great trochanters;
3) Obesity was accepted at BMI ≥ 30 kg/m 2 ; 4) Polycystic ovary syndrome was diagnosed according to the ESHRE-ASRM criteria-two out of the following: 1) oligo/amenorrhea; 2) clinical or biochemical hyperandrogenism and 3) polycystic ovaries at ultrasound examination when all other endocrine causes are excluded; 5) Results form the oral glucose tolerance test (OGTT) -blood glucose and imunoreactive insulin (IRI) on 0, 60 and 120 min. Homeostatic model assessment (HOMA-IR) was calculated as baseline blood glucose (mmol/L) multiplied by baseline IRI (mU/l) and the divided by 22.5; 6) Hormonal status (testosterone, androstendione, dehydroepiandrosteron sulphate (DHEAS), 17-ОН-progesterone, estradiol, LH, FSH, TSH, prolactin). If necessary, all other routine tests were performed to exclude other endocrine pathology as mentioned in the exclusion criteria.
All laboratory tests were performed in the Central Clinical Laboratory of the Alexandrovska University Hospital in Sofia, which is the reference laboratory for the country.
Patients completed Female Sexual Function Index (FSFI) questionnaire [9] that consists of 19 questions, divided in 6 domains-Desire (q. 1, 2), Arousal (q. 3-6), Lubrication (7-10), Orgasm (q. 11-13), Satisfaction (q.
14-16) and Pain (q. 17-19). Score is then formed for each domain separately and a Total FSFI score is then calculated. Full Scale Score Range is from 2.0 to 36.0. Sexual dysfunction was diagnosed at FSFI score < 26 points.
Therapeutic Intervention
In the patients that had indices of insulin resistance based on OGTT (baseline IRI > 20 UI/l; IRI on 120 min > 100 mU/l, HOMA index > 2.0) metformin treatment was initiated and the dose was escalated to 1700 -3000 mg/daily. The therapy started with 500 mg in the evening and was increased with 500 mg every 5 -7 days until final dose was reached. Patients that came back for evaluation completed the same questionnaire after 4 -12 months of treatment and had all baseline tests repeated.
Statistical Methods
The data were processed using the statistical package SPSS 16.0. The level of significance for rejecting the null hypothesis was p < 0.05. The following statistical methods were applied: descriptive analysis, variation analysis, Kolmogorov-Smirnov's one sample non-parametric test, Student's t-test for two independent samples, KruskalWallis' non-parametric test for several independent samples, Mann-Whitney's non-parametric test for two independent samples, one-way analysis of variance betweengroups ANOVA with post-hoc tests, correlation analysis, ROC analysis. Data are presented as mean ± SD.
Results
In the present study were included 79 patients divided into three groups-group 1 Obese (n = 22); group 2 Lean PCOS (n = 41) and group 3 obese PCOS (n = 16). Comparison was made between the data form these three groups. Table 1 shows the anthropometric characteristics of the groups. Obese and obese PCOS patients differ signifycantly only in age and have similar anthropometric indices, while lean PCOS patients have lower body weight, BMI, WHR and WSR than the other two groups.
Obese women without PCOS have significantly higher scores on total FSFI and all domains except from desire compared to lean PCOS subjects ( Table 2) . Although the differences do not reach statistical significance, lean PCOS patients have the lowest scores on all domains except from desire where the lowest score is for obese PCOS women. The rate of sexual dysfunction (total FSFI score < 26) is two times higher in obese PCOS patients and three times higher in lean PCOS patients than in obese patients without PCOS. There is a statistical significant difference (p < 0.001) in the rates of sexual dysfunction between obese and lean PCOS patients (Figure 1) . Of all androgens FSFI score correlates negatively only with androstednione levels (r = -0,356) and the correlation is strongest in orgasm domain (r = -0,421) ( Table 3) . Women with and without hiperandrogenemia do not show differences in total FSFI score and in desire domain (Figure 2 and Figure 3) . It is interesting to note that LH but not FSH shows moderate positive correlation to all domains of FSFI ( Table 3 ).
* р < 0.05; ** р < 0.01; *** р < 0.001 between group 2 and group 3; ^ р < 0.05; ^^ р < 0.01; ^^^ р < 0.001 between group 1 and group 2; ## р < 0.01 between group 1 and group 3. After metformin treatment there was an increase in all FSFI domain scores although statistical significance was noted only for the total FSFI score and the domains lubrication and pain ( Table 4 ).
Discussion
Sexual function is a debated issue in PCOS patients. On the one hand the presence of hirsutism and other signs of hyperandrogenemia and infertility are a potential source of distress and low self esteem but on the other androgens are thought to increase sexual desire. Obesity also has a negative impact on women's sexuality. PCOS women ^ р < 0.05; ^^ р < 0.01 between group 1 and group 2; # р < 0.05 between group 1 and group 3. seem less satisfied with their sexual life and find themselves less attractive probably due to the high prevalence of overweight and skin manifestations of hypernadrogenism [10, 11] . In our study however sexual function is not related to androgen levels or to the weight, insulin resistance, dyslipidemia or arterial hypertension. Obese patients without PCOS have much lower rate of sexual dysfunction than PCOS patients with or without obesity. It is possible that the reason for these results is related to the different mean age of the obese group but we didn't find a significant correlation between the FSFI score and different domains and age. Besides that is has been found that women's sexual function declines with age [12, 13] . It is a very interesting finding that except desire, the lowest scores on FSFI and the higher rate of sexual dysfunction was observed in lean PCOS subject and not in obese. Desire however is a very important domain of sexual function index and in our study was the lowest in obese PCOS patients probably because of the combination of adverse effect of obesity and clinical signs of PCOS. Androgens are closely related to sexual function in both sexes and have a positive effect on sexual desire (including fantasies) [12] . We however did not find differences in FSFI score or desire domain between women with and without hyperandrogenemia. Similar to other studies [7] , metformin treatment has beneficial effects on sexual function in our study population. The possible reason for this could be related to the effect of metformin on body weight [16] , menstrual cycle and androgen levels [14, 15] . We however did not find a correlation between the change in FSFI score and weight change, change in androgen levels or change in length of menstrual cycle. The results for domains desire, orgasm, arousal and satisfaction however are not statistical signifycant probably because of the small number of patients.
From this study we conclude that: 1) PCOS patients, and in particular the lean ones, have higher rates of sexual dysfunction than obese patients without PCOS.
2) Sexual dysfunction is not related to the age of the patients in the age interval of this study-18 -45 years.
3) Patients with and without hyperandrogenemia do not have different scores. 4) Metformin treatment has beneficial effect on sexual function in PCOS patients.
